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Introduction
Armed violence constitutes one of the greatest global health challenges, especially in certain parts of Africa. [1] [2] [3] [4] [5] [6] South Africa's lethal violence rates are close to those of countries at war and Cape Town specifically is one of the most violent cities in the world regarding homicides. 4, 7 In recent years a high rate of interpersonal violence combined with gun trafficking and use of guns as main weapon in gang wars has caused a surge of gun-related injuries ( Figure 1 ). This causes an extreme burden to the health care system in costs as well as hospital stay. 7 Reports on the epidemiology of civilian gunshot injuries and orthopaedic injury patterns are limited. 8, 9 Most evidence and guidelines are based on small American and European retrospective case series or military experience with high-velocity injuries. 1, 3, 6, [9] [10] [11] Civilian gunshot trauma is associated with low-velocity injuries in more focal patterns. It is difficult to translate the available literature to civilian gunshot trauma due to distinct injury characteristics and potential of the firearms and bullets. 8 Moreover, little is known about the trauma burden and injury profile in civilian low-velocity gunshot injuries in low-income countries. Vast differences in injury pattern, associated injuries, system-related resources and the accessibility to health care limit the use of external evidence in the local management of gun-related injuries in these countries.
To date, there are no studies which examine the injury pattern in patients with extremity gunshot injuries in Africa or other lowincome regions. We therefore aimed to describe the demographics, epidemiology and injury pattern of extremity gunshot wounds in a large hospital in Cape Town with the secondary aim to determine factors influencing injury severity.
Methods

Study design and setting
The prospectively collected electronic trauma registry of Groote Schuur Hospital, a large tertiary care facility with a Level I Trauma Unit in Cape Town, South Africa was used to extrapolate all patients with gunshot injuries to extremities. 12 This is an observational study that adheres to the STROBE guidelines for research and was approved by the HREC.
Patients
All patients with orthopaedic ballistic injuries to the extremities, who presented to the Trauma Unit in a ten-month period from June 2015 to April 2016 were included. Orthopaedic injuries were defined as an acute fracture, dislocation, or fracture dislocation, as well soft tissue, nerve and arterial injuries of the lower and upper extremities. Lower extremity fractures included fractures of the foot, tibia, fibula, patella, femur and acetabulum. Upper extremity fractures were defined as fractures to the hand, ulna, radius, humerus, scapula and clavicle. Patients with incomplete fractures or isolated fractures of the pelvic girdle, spine, skull, face and ribs were excluded. Approval for the prospective collection of data for this registry and the analysis of the collected data was obtained from the Human Research Ethics Council at the University of Cape Town.
Variables, outcome measures, data sources and bias
Patient demographics, such as age, sex, as well as illicit drug intoxication were recorded. Data on the incident included injury date and time, arrival date and time, type of violence and perpetrator, geolocation, and transport mode to the hospital. Children were defined as patients under 19 years of age. This hospital does not admit children under 13 years of age as these patients are treated at a specific children's hospital. Injuries were classified according to triage code (1 = green, standard; 2 = yellow, urgent; 3 = red, very urgent), anatomical site, injury type, Abbreviated Injury Scale (AIS), Injury Severity Score (ISS), Glasgow Coma Scale (GCS) and Revised Trauma Score (RTS). The type of injury was described as fracture, abrasion, contusion, haematoma, or superficial laceration. Associated injuries were defined as injury to an anatomical structure other than the upper and lower extremity.
Statistical analysis, study size
Demographic and clinical data were compared using bivariate analysis. The p-values were determined by the chi-squared or two-sided Fisher's exact test for categorical variables, and by the Student's t test or the Mann-Whitney U test for continuous variables. Differences in two population proportions or means were calculated using one-or two-tailed Z tests. One-way ANOVA was used to determine differences between the means of two or more independent groups. Risk factors identified by bivariate analysis at p<0.1 were put into a logistic regression model to test for association with injury severity. Significant confounders (p<0.05) between the compared groups were identified using multivariate analysis. Univariate and multivariate analyses were performed to investigate associations between demographical characteristics, anatomic site of injury and injury severity. Values are reported as percentages for categorical variables and mean + SD for continuous variables. P-values lower than 0.05 were regarded significant. Analyses were 
Results
Demographics and epidemiology
A total of 294 of 1123 (26.2%) cases (269 male, 90.1%) had extremity injuries ( Figure 2 ). Four patients were readmitted for a repeat gunshot injury during the study period (1.4%) resulting in a total of 294 cases in 290 patients. The demographic data is shown in Table I . There were 243 adults (82.7%) and 47 children (16.2%). Of the 230 patients who were tested for intoxications, 32 were positive for alcohol (13.9%), 39 for illegal drugs (17.0%), and 18 for both alcohol and illegal drugs (7.8%). The average age was 28.1 years (median 26.1; IQR=13.0, Figure 2 ). Most injuries were the result of intentional violence (n=265; 90.1%). Gang-related violence accounted for 37.1% (n=109) of injuries. While 181 victims were shot on the streets (61.6%), 44 were shot at home (15%). A peak incidence was observed in the summer months from September to January with more than 35 admissions per month compared to 20 admissions per month during the rest of the year. One-third of admissions occurred on weekends (n=98; 33.3%) compared to two-thirds during the five weekdays (n=196; 66.7%). Most patients were shot on Sunday (n=59; 20.1%).
Factors affecting injury severity
The mean ISS was 7.7+9.4 with a median of 4 ranging from 0 to 75 (IQR=8.0). Fifty patients (17%) had an ISS of >15, suggestive of major trauma. 13 The average RTS was 6.9 + 0.3 ranging from 4 to 7. Detailed clinical characteristics are presented in Table II and III. Further pre-hospital characteristics of this severely injured group are displayed in Table IV . In analysis of time to admission and mean ISS, patients admitted two hours or more after injury were found to have a significantly lower mean ISS (p=0.03) (Figure 3) . Compared to the lower limb, upper extremity gunshot wounds increased the risk of a fracture 2.15 times (95% CI 1.07-3.07; p=0.02); had a higher number of nerve injuries; a greater risk of associated abdominal or thoracic injuries with a risk ratio of 2.42 (95% CI 1.74-3.37); a higher number of triage code red patients (p=0.002); a higher mean ISS (p=0.008; t=-2.679; 95% CI -5.55 to -0.85); and greater number of patients with an ISS>15 (p=0.03) ( Table V) . Arterial injuries were reported more frequently in the lower extremity group (p=0.1). 
Referral patterns
Most patients were brought in by ambulance (n=256; 87.1%). Onethird (n=108; 36.7%) presented directly from the scene; almost half of the patients (n=137, 46.6%) had an interfacility transfer prior to admission to our hospital. In 49 patients (16.7%) no transfer data was available. Most patients were transferred within two hours of injury. Injury severity did not have a significant influence on transport and transfer. A map of Cape Town and its surrounding areas is provided in Figure 4 , depicting the assigned referral areas for regional public hospitals. Only 43 patients (14.6%) came from the specific referral area (Figure 4 , area C) of the facility. Most patients were injured in the townships (area E) and informal settlements in the Cape Flats (n=131, 44.6%). Compared to other areas, fewer patients in these townships came directly from the scene (n=37; 28.2%) as most patients had an inter-facility transfer. Admissions between 7pm and 7am were twice as high as the day admissions (n=169, 57.5% and n=79, 26.9%, respectively).
Discussion
This study shows a very high burden of extremity gunshot injuries to the emergency and orthopaedic trauma service of a large tertiary care facility in Cape Town. This was aggravated by inadequate emergency referrals of patients, regarding low ISS, timing of the transfer at night time, and referrals from areas outside the referral area. Although the lower extremity was shot more frequently, upper extremity gunshot injuries are associated with a higher rate of fractures, nerve injuries, and ISS and constitute a red flag. Alarming was the high rate of children (16%) among the victims. Most patients were young males intentionally shot by strangers. The age and sex distribution were similar to those in the literature, with a lower median age of patients involved in gang violence. 1, 3, 11, 14 The high rate of alcohol or drug abuse of those tested was consistent with other studies. 15, 16 Most injuries occurred on the streets in the Cape Flats township area, known for a high rate of gang-related violence. 17, 18 We also noticed a high rate of underage victims in Cape Town, which shows the effect of armed violence on an extremely vulnerable group. 19, 20 Most patients were admitted to our hospital after an inter-hospital transfer, although 83% were not severely injured (ISS lower than 15) and were inadequate referrals for tertiary emergency care. Trauma overload at local township hospitals, resource restrictions or an initial overestimation of injury severity might be reasons for this. Only 20% of the patients came from the actual drainage area (Figure 4) . 21 Access to our tertiary care hospital for these patients was acceptable with an average delay from injury to admission of two hours. The time to admission was shorter in patients with a higher ISS compared to patients with a lower ISS, suggesting that the pre-hospital triage and referral system adequately prioritises more severely injured patients. Most of the patients with low ISS were brought to the emergency department during the night, which poses an additional burden on the trauma services often with minimal staffing during this time. A similar finding was reported previously in another area of high gang violence. 11 This shows the need for support in the decision-making for referrals of extremity gunshot injuries to tertiary care emergency facilities in our area which should be reserved for patients who require specialised clinical resources and expertise. 22 A better understanding of factors influencing injury severity could help to guide this process.
Patients with upper extremity injuries had a higher median ISS and a higher risk of associated and other injuries compared to patients with lower extremity injuries; this is most likely due to the proximity to the head, as well as thoracic and abdominal vital organs. Lichte et al. described high rates of mortality in civialin gunshot injuries to the torso. 8 However, the injury profile of orthopaedic injuries has not been studied before. Based on our novel findings, upper extremity injuries should therefore be regarded as a red flag in the primary survey of orthopaedic ballistic trauma patients.
A limitation to this study is that the trauma registry is maintained by treating clinicians, and the high trauma burden might have led to a lower quality of data collection. However, previous assessment of this clinician-driven data collection proved to be feasible and this is the first registry of its kind in Africa and provides important insight on patient demographics, injuries, and the local trauma health care system. 12 Another limitation was that data assessing the burden of gunshot-related injuries in our referring hospitals was not included in this study, which might have provided better insight into the patient flow into our hospital. Currently there are no databases available in the township hospitals. We also did not classify the fractures according to their severity which might have triggered referral to our tertiary care orthopaedic service. Yet, most patients with low injury severity should have been referred to orthopaedic clinics without overloading the emergency intake of our trauma unit.
Conclusions
This is the first large prospective registry-based study on the epidemiology, injury severity and admission data of civilian gunshot injuries in a low-income setting. Our findings are key to better understanding the effects of the extremely high burden of gunshot injuries in (South) Africa and to find possible indigenous solutions.
Although most gunshot injuries to the extremities were not lifethreatening, upper extremity gunshot wounds constituted a red flag for higher injury severity. Inadequate timing and selection of emergency referrals of patients with low ISS are avoidable aggravators of this burden and should be targeted to increase efficiency in the care of these patients. Suggestions for clinical practice include the need for more physicians and other staff at night, as well as increased awareness regarding the involvement of underaged patients. Future research should assess criteria for referral, admission and surgical intervention for these injuries and evaluate treatment algorithms with least burden on the health care system and best possible outcomes with available resources. 22 
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